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ABSTRACT 


An  Investigation  was  conducted  to  extend  the  data  on  the  flame  arrestor 
effectiveness  of  reticulated  polyurethane  foams  proposed  for  explosion  pro¬ 
tection  of  aircraft  fuel  tanks.  Foams  of  10,  15,  20,  and  25-pore/inch  were 
evaluated  in  small-  or  large-scale  experiments  using  various  arrestor  pack¬ 
ing  configurations.  Results  from  small-scale  experiments  indicated  that 
the  ability  of  the  foams  to  suppress  n-pentane-alr  explosions  does  not  vary 
noticeably  when  the  foam  bulk  density  la  reduced  from  1.86  lb/ft^  to  1.35 
lb/ft^.  Other  light-weight  arrestors  that  were  evaluated  included  crimped 
or  honeycomb  aluminum  and  Nomex  materials  which  proved  to  be  more  effective 
than  10  ppl  polyurethane  foam;  samples  of  reticulated  aluminum  foam  were 
also  Investigated.  Large-scale  gun-firing  experiments  made  in  a  74-gallon 
fuel  tank  showed  that  a  cored  arrestor  model  of  the  dry  20-pore/inch  poly¬ 
urethane  foam,  having  2-inch  diameter  cores,  can  be  a  suitable  design  con¬ 
figuration  for  integral  fuel  tank  applications  at  pressures  up  to  5  psig; 
however,  some  arrestor  burning  can  be  expected.  Data  are  also  given  from 
other  large-scale  experiments  in  which  the  fuel  tank  was  fully  packed  with 
tt«  foam  (dry  or  wet)  and  the  effects  of  tank  ullage  and  addition  of  air 
attar  ignition  were  investigated. 


This  Abstract  is  subject  to  special  export  controls  and  each  transmittal 
to  foreign  governments  or  foreign  nationals  may  be  made  only  with  the 
prior  approval  of  the  Air  Force  Aero  Propulsion  Laboratory,  AFFH,  Wright 
Pat tar son  Air  Force  Base,  Ohio. 


Hi 


TABLE  OP  CONTENTS 

PAGE 

INTRODUCTION  . 1 

EXPERIMENTAL  APPARATUS  AND  PROCEDURE  .  1 

1.  Small-Scale  Experiments  . . . 1 .  1 

2.  Large-Scale  Experiments  . . . .  . .  3 

RESULTS  AND  DISCUSSION  .  5 

1.  Small-Scale  Flame  Arrestor  Experiments  .  5 

2.  Large-Scale  Experiments  in  a  74-Gallon  Fuel  Tank  Kith 

Cored  Arrestor  Models  of  the  20  ppi  Polyurethane  Foam  ...  16 

3.  Large-Scale  Experiments  in  a  74-Gallon  Fuel  Tank  Fully- 

Packed  With  the  20  ppi  Polyurethane  Foam  . . . . .  20 

CONCLUSIONS  .  27 

RECOSMENDATIONS  . 27 


Preceding  Page  Blank 


V 


ILLUSTRATIONS 


FIGURE  FACE 

1.  Experimental  setup  for  flame  arrestor  experiments  in  a 

1  ft’  cylindrical  steel  vessel  (6-inch  diameter  by  60 

inches  long)  .  2 

2.  74-gallon  modified  fuel  tank  (27-inch  diameter  by  30 

Inches  long)  . . 4 

3.  Effect  of  ignition  void  length  on  pressure  rise  in  experi¬ 
ments  with  9 -inch  long  segments  of  10,  15,  20  and  25  ppi 
polyurethane  foam  and  2.5  percent  n-pentane-air  mixtures 

at  atmospheric  pressure  (6-inch  diameter  vessel)  .  5 

4.  Effect  of  initial  pressure  on  pressure  rise  in  experiments 

with  9-lnch  long  segments  of  the  10,  15  and  25  ppi  poly¬ 
urethane  foam  and  2.5  percent  n-pentane-air  n ixtures 
(6-inch  diameter  vessel).  Arrestor  length/lgnltlon  void 
length  -  9 "/Id"  . .  7 

5.  Nomex  and  aluminum  flame  arrestors  prior  to 

ignition  . . .  9 

6.  Downstream  end  view  of  Nomex  and  aluminum  flame  arrestor 

materials  after  ignition  of  2.5  percent  n-pentane-air 
mixtures  at  initial  pressures  that  resulted  in  arrestor 
failure  (6-inch  diameter  vessel)  .  11 

7.  Effect  of  ignition  void  length  on  pressure  rise  in  flame 
arrestor  experiments  with  reticulated  aluminum  and  poly¬ 
urethane  foams  and  2.5  percent  n-pentane-air  mixtures 

at  atmospheric  pressure  (6-inch  diameter  vessel)  . .  13 

8.  Effect  of  initial  mixture  pressure  on  pressure  rises  in 

flame  arrestor  experiments  with  reticulated  aluminum  and 
polyurethane  foams  and  2.5  percent  n-pentane-air  mix¬ 
tures  (6-inch  diameter  vessel)  . 15 

9.  Arrestor  model  of  20  ppi  polyurethane  foam  with  thirty- 

seven  3-inch  diameter  by  8- inch  long  voids  (spaced  1  inch 
apart)  per  cored  section:  36.6  percent  gross  void . .  18 

10.  Arrestor  burning  that  resulted  in  experiments  (Test  No. 

2  and  4)  with  a  cored  arrestor  model  (36.6  percent  gross 

void)  of  the  20  ppi  foam  after  ignition  of  3.0  percent  n- 
butane-air  mixtures  at  0  and  3  psig  with  30-caliber  incen¬ 
diary  ammunition . . . 22 

vi 


ILL.ua i uATIGHS  (Cont'd) 


FIGURE 

11.  Arrestor  burning  that  resulted  in  experiments  (Test  No. 

7,9  and  10)  with  a  cored  arrestor  model  (16.3  percent 
gross  void)  of  the  20  ppi  foam  after  ignition  of  3.0  per¬ 
cent  n-butane-eir  mixtures  at  0,  3  and  5  psig  with  30- 
caliber  incendiary  amunition . . . . . 

12.  External  fire  in  experiment  (Test  No.  7)  with  fully-packed 
arrestor  model  (0  percent  gross  void)  of  20  ppi  foam  after 
ignition  of  3.0  percent  n-butane-air  mixture  in  ullage  of 
74-gallon  tank  with  30-caliber  Incendiary  aaantnition; 

35  gallons  of  kerosene  added  to  fuel  tank . . . 


TABLE 


xAsLeS 


PAGE 


II. 


III. 


IV. 


V. 


VI. 


VII. 


Fisas  si'rsstor  date  for  alimliw.  Hcnet  and  polyurethane 

foam  Materials  in  a  6-inch  diameter  steel  vessel  with 

2.5  percent  n -pentane-air  mixtures  at  various  pressures  ...  10 

F lame  arrestor  data  for  reticulated  aluminum  (Sample  A) 
and  polyurethane  foam  materials  in  a  6-inch  dimseter 
steel  vessel  with  2.5  percent  n-peatane-air  mixtures  at 
atmospheric  pressure  . . . . . .  12 

Flame  arrestor  data  for  reticulated  aluminum  (Sample  B) 
and  polyurethane  foam  materials  in  a  6-inch  diameter 
vessel  with  2.5  percent  n-pentane-air  mixtures  at  various 
initial  pressures  . . . . . . . 14 

Data  from  flame  arrestor  experiments  in  a  12-inch  diameter 


steel  vessel  with  cored  arrestor  models  of  the  20  ppi 

polyurethane  foam  and  2.5  percent  n-pentane-air  mixtures 

at  0  and  5  psig  . . . . . .  17 

Data  from  large-scale  flame  arrestor  experiments  with  a 
cored  arrestor  model  of  the  20  ppi  polyurethane  foam  and 
3  percent  n-butane-alr  mixtures  at  0  and  3  psig . 19 


Data  from  large-scale  flame  arrestor  experiments  with 
cored  arrestor  models  of  the  20  ppi  polyurethane  foam 
and  3  percent  n-butane-air  mixtures  at  0,  3,  and  5  psig  ...  21 

Data  from  large-scale  flame  arrestor  experiments  with  10 
and  20  ppi  polyurethane  foam  (wet  and  dry)  fully-packed 
in  a  tank  with  3  percent  n-butane-eir  mixtures  at  various 
Initial  pressures  . . .  25 


i 


viii 


This  report  summarizes  the  results  of  an  investigation  conducted 
during  the  past  year  by  the  Bureau  of  Hines  to  determine  the  flame  arrestor 
ei ieei iveness  of  reticulated  pul yu i ethane  founts  and  other  candidate  materi- 
als  proposed  for  fuel  tank  explosion  protection.  The  work  was  pursued  as 
part  of  the  current  Air  Force  program,  "Fire  and  Explosion  Hazard  Assess¬ 
ment,  Prevention  and  Suppression  Techniques  for  Aerospace  Vehicles."  In 
previous  work,—*—'  the  explosion  suppression  effectiveness  of  10  and  20 
pore/incti  (ppi)  polyurethane  foams  was  compared  to  that  of  1-inch  and 
3/4-inch  diameter  hollow,  perforated  polyethylene  spheres  under  various 
temperature  ar.d  pressure  conditions.  Results  from  large-scale  experiments 
revealed  that  the  20  ppi  foam  is  more  effective  than  the  10  ppi  foam  or 
polyethylene  spheres  in  reducing  the  explosion  hazard  from  gun  firings 
into  fuel  tanks  containing  aircraft  fuel  vapor-eir  mixtures.  The  present 
investigation  was  made  to  extend  the  flame  arrestor  data  on  the  20  ppi  foam 
under  various  fuel  tank  ignition  conditions  and  to  determine  a  suitable 
design  configuration  for  integral  fuel  tank  applications.  Cored  and  fully- 
packed  arrestor  models  of  the  20  ppi  foam  (density  —  1.9  lb/ft^)  were  ex¬ 
amined  in  a  74-gallon  fuel  tank  containing  hydrocarbon  vapor- air  mixtures 
that  were  ignited  with  incendiary  ammunition;  the  variables  of  study  in¬ 
cluded  initial  pressure,  foam  condition  (dry  or  wet),  and  tank  ullage  under 
a  static  or  flow  condition.  In  addition,  laboratory  scale  evaluations  were 
performed  to  compare  the  effectiveness  of  low  and  high  bulk  density  foams 
and  of  various  aluminum  or  Nomex  arrestor  materials. 

EXPERIMENTAL  APPARATUS  AND  PROCEDURE 
1.  Small-Scale  Experiments 


The  experimental  setup  used  in  the  small-scale  experiments  is  shown 
in  figure  1.  A  cylindrical  steel  vessel,  6-inch  diameter  by  60  inches  long 
was  mounted  horizontally  end  was  equipped  at  one  end  with  an  electrical 
spark  ignition  source.  The  vessel  was  instrumented  with  0.004-inch  Chromel 


nroccurp  franc* 


ducer  to  monitor  the  gas  mixture  temperature  and  pressure  during  a  trial; 
their  signals  were  displayed  on  oscillographs.  Photodiodes  were  also  posi¬ 
tioned  at  various  stations  along  the  vessel  to  obtain  flame  speed  measure¬ 
ments  and  verify  the  extent  of  flame  propagation. 


1/  Kuchta,  J.  M. ,  R.  J.  Cato,  I.  Spolan,  and  W.  H.  Gilbert,  Evaluation  of 
Flame  Arrestor  Materials  for  Aircraft  Fuel  Tanks.  Air  Force  Aero 
Propulsion  Laboratory  AFAPL-TR-67-148 ,  Februarv  1968. 

21  Kuchta,  J.  M. ,  R.  J.  Cato,  W.  H.  Gilbert,  and  I.  Spolan,  Fuel  Tank 

Explosion  Protection.  Air  Force  Aero  Propulsion  Laboratory  AFAFL- 
TR-69-11,  March  1969. 
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During  an  experiment,  a  cylindrical  segment  of  the  arrestor  material 
was  fitted  into  the  vessel  at  a  selected  distance  from  the  ignition  source. 
The  vessel  was  evacuated  and  filled  with  the  combustible  mixture  to  the 
desired  pressure  and  then  ignited  by  the  electrical  spark  source;  the 
energy  was  supplied  by  a  high  voltage  (15  kv)  transformer  that  produced  a 
total  power  dissipation  of  about  60  watts  across  the  spark  gap.  The  extent 
of  flame  propagation  was  determined  from  temperature  and  pressure  rise 
measurements.  All  experiments  were  conducted  with  approximately  2.5  percent 
n-pentane-air  mixtures  at  ambient  temperature,  70°  ±  10°  F.  The  arrestor 
length,  ignition  void  length  (flame  run-up),  and  initial  pressure  were 
varied  in  these  experiments. 

2.  Large-Scale  Experiments 

Large-scale  experiments  were  made  with  cored  and  fully-packed  arrestor 
models  of  the  20  ppi  polyurethane  foam  in  the  mid-section  of  a  450-gallon 
aircraft  fuel  tank.  The  modified  tank,  shown  in  figure  2,  was  27  inches 
in  diameter  by  30  inches  long  and  had  a  74-gallon  capacity.  It  was  instru¬ 
mented  with  a  photodiode  at  one  end,  a  pressure  transducer  at  each  end,  and 
four  0.004-inch  diameter  Chrome! -A lumel  thermocouples  at  stations  along  its 
longitudinal  axis.  In  these  experiments,  the  effectiveness  of  the  arrestor 
models  was  examined  with  near-stoichiometric  compositions  of  n-butane  and 
air  that  were  ignited  with  30-caliber  incendiary  ammunition;  a  spark  igni¬ 
tion  source  was  also  used  in  a  few  runs. 

Experiments  were  performed  with  two  cored  arrestor  models  having  gross 
voids  of  36.6  and  16.3  percent  of  the  total  volume.  One  model  (36.6  percent 
gross  void)  had  three  8-inch  long  cored  sections  which  were  separated  by 
2-lnch  or  3-iuch  long  plain  sections.  The  cored  sections  were  uniformly 
aligned  xn  the  tank  and  contained  thirty- seven  evenly  spaced  (1-inch  apart) 
voids,  3  inches  in  diameter  by  8  inches  long.  The  other  model  (16.3  percent 
gross  void)  had  a  corresponding  number  of  cored  sections  and  voids;  however, 
the  voids  in  each  cored  section  were  2  inches  in  diameter  by  8  inches  long 
and  were  spaced  2  inches  apart.  The  flame  arrestor  effectiveness  of  the 
cored  models  was  examined  at  pressures  from  0  to  5  psig.  When  the  electrical 
spark  source  was  used,  the  combustible  mixture  was  ignited  at  one  end  of  the 
tank.  Except  where  noted,  the  incendiary  ammunition  was  fired  at  en  incident 
angle  of  about  15  degrees  into  a  1/8-inch  thick  steel  striker  plate  that  was 
positioned  in  the  middle  of  the  tank.  The  incendiary  firings  were  made  with 
an  M-l  military  rifle  at  about  150  feet;  projectile  velocity  was  approxi¬ 
mately  2800  ft/sec. 

Similar  large-scale  experiments  were  made  to  determine  the  flame  quench- 
ing  offset i V6ii6£ s  of  dry  snd  20  ppi  fosn?  nodor  ths  iuily“psckfid  rank 
condition.  The  wet  foam  was  prepared  by  soaking  the  dry  foam  in  kerosene. 
Some  of  these  runs  were  made  with  air  flowing  through  the  fuel  tank  after 
the  incendiary  ignition  (<  2  seconds)  to  simulate  a  post-firing  condition 
that  may  be  encountered  in  flight  operations;  the  air  flow  rate  was  25.4  CFM 
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modified  fuel  tack  (27-inch  diameter  by  30  inches  l>mg) 


at  5  palg  and  80®  F.  In  addition,  the  effect  of  reduced  tank  ullage  was 
investigated  in  the  latter  runs  by  firing  into  the  tank  packed  with  foam 
and  partially  filled  with  35  gallons  of  kerosene.  Movies  of  these  runs 
were  taken  with  a  Fastair  camera  to  record  an  external  fire  that  developed. 

RESULTS  AND  DISCUSSION 
1.  Small-Scale  Flame  Arrestor  Experiments 

Data  obtained  in  the  6-inch  diameter  vessel  revealed  that  the  flane 
quenching  effectiveneas  of  the  reticulated  polyurethane  foam  does  not  vary 
greatly  when  the  bulk  density  is  reduced  from  1.86  lb/ft3  to  1.35  lb/ft^. 
Figure  3  compares  the  pressure  rise  data  from  flame  arrestor  experiments 
with  9-inch  long  segments  of  15  and  25  ppi  foams  (1.35  lb/ft-*)  and  10  and 
20  ppi  foams  of  higher  bulk  density  at  various  ignition  void  lengths  and 
atmospheric  pressure;  the  data  shown  for  the  20  ppi  foam  were  obtained  in 
a  previous  investigation. -a'  In  these  runs,  the  maximum  pressure  rises  in¬ 
creased  with  increasing  ignition  void  length  far  each  of  the  materials  used; 
also,  all  of  the  materials  failed  to  prevent  flame  propagation  when  the 
ignition  void  length  was  increased  above  some  critical  value.  The  10  ppi 
foam  was  the  least  effective  material  since  it  failed  when  the  Ignition  void 
length  was  increased  beyond  18  inches.  As  noted,  the  pressure  rise  was  small 
(2  to  8  psi)  when  the  Ignition  void  length  was  varied  from  6  to  18  inches 
but  increased  abruptly  to  29  psi  at  a  void  of  21  inches.  In  comparison,  the 
corresponding  critical  ignition  void  lengths  for  the  15  and  25  ppi  foams  of 
lower  bulk  density  were  33  and  40  inches,  respectively.  It  is  also  interest¬ 
ing  to  note  that  for  comparable  Ignition  void  lengths,  the  pressure  rise 
data  for  the  15  and  25  ppi  foams  do  not  differ  greatly  from  those  for  the 
20  ppi  higher  bulk  density  foam.  The  maximum  pressure  rises  in  all  of  the 
runs  were  much  lower  than  would  be  expected  with  no  arrestor  material  present; 
for  example,  a  pressure  rise  of  at  least  85  psi  was  observed  at  0  paig  with 
a  2.5  percent  n-pentane-air  mixture. 

The  greater  arrester  effectiveness  of  the  finer  pore  size  foams  was 
also  observed  with  the  10,  15  and  25  ppi  foams  at  various  initial  pressures; 
9-inch  long  cylindrical  segments  were  employed  in  these  runs  at  a  fixed 
ignition  void  length  of  18  Inches.  Figure  4  shows  the  effect  of  initial 
pressure  on  the  pressure  rise  developed  in  these  flame  propagations.  Again 
the  10  ppi  foam  (1.86  lb/ft^)  is  the  least  effective  material;  the  maximum 
pressure  rise  increased  abruptly  (7.7  psi  to  36.6  psi)  when  the  Initial 
pressure  was  increased  from  0  to  1  psig.  With  the  15  and  25  ppi  lighter 
weight  foams ,  the  pressure  rises  were  all  less  than  10  psi  until  the  initial 
pressure  was  increased  above  2  end  l  p»ig,  respectively;  the  pressure  rises 
were  in  excess  of  25  psi  when  arrestor  failure  was  observed.  According  to 
these  data,  it  is  evident  that  the  effectiveness  of  the  polyurethane  foam 
depends  more  upon  pore  size  than  upon  bulk  density. 

Other  light-weight  flame  arrestors  such  as  crimped  and  honeycomb 
aluminum  and  a  honeycomb  Nooex  fabric  were  found  to  be  superior  to  the 
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FIGURE  3.  »  Effect  of  ignition  void  length  on  pressure  rise  in  experiments 
with  9-inch  Inng  segments  of  10,  15,  20  end  25  ppi  polyurethane 
foam  and  2.5  percent  n-pentane-air  mixtures  at  atmospheric 
pressure  (6-inch  diameter  vessel). 


PRESSURE  tftSE.psi 


FIGURE  4. 


-  Effect  of  initial  pressure  on  pressure  rise  in  experiments  with 
9-inch  long  segments  of  the  10,  15  and  25  ppi  polyurethane  foam 
and  2.5  percent  n-pentane-air  mixtures  (6-inch  diameter  vessel) 
Arrestor  length/ignition  void  length  ■  9”/18”. 


10  ppi  foam  in  prev  encing  flam*  propagation.  A  photograph  of  the  Homex 
and  aluminum  arrestors  is  shown  in  figure  5;  the  cell  else  and  approximate 
bulk  density  of  each  material  is  also  given  in  this  figure.  Table  I 
aurmavlses  the  presou  -e  rise  data  that  were  obtained  iu  runs  with  these 
materials  et  various  initial  pressures  (0  to  20  psig);  all  runs  were  made 
in  a  6-inch  diameter  vessel  et  a  fixed  Ignition  void  length  of  18  Inches. 

The  crimped  aluminum  with  1/8-inch  by  1/16-lnch  longitudinal  cells  was  the 
most  effective  flame  arrestor  since  it  prevented  flame  propagation  at 
Initial  pressures  up  to  10  psig.  At  initial  pressures  from  0  to  10  P»lg. 
the  maximum  pressure  rises  with  the  crimped  aluminum  wera  all  leas  than 
12  psl  and  no  arrastor  burulnu  occurred;  at  15  and  20  psig,  the  pressure 
rises  were  greater  than  80  psi.  The  crimped  aluminum  that  had  alternate 
layers  of  1/8-inch  by  1/8-inch  longitudinal  and  transversal  cells  failed 
when  the  initial  pressure  was  increased  from  5  to  7  psig,  whereas,  both  the 
honeycoidb  aluminum  and  Nomex  with  1/8-inch  by  1/8-inch  longitudinal  ceils 
failed  et  2.5  psig.  In  comparison,  the  10  ppl  foam  failed  to  prevent  flame 
propagation  even  et  C  psig  with  the  same  flame  run-up  end  arrestor  length. 
Figure  6  shows  the  extent  of  arrestor  burning  that  occurred  on  the  downstream 
ends  of  the  aluminum  and  Momex  materials  after  Ignitions  at  the  pressures 
where  such  materials  felled.  Based  on  the  data  shown  for  arrestors  of  com¬ 
parable  cell  dimensions,  arrestor  configuration  appears  to  have  more  Influence 
than  the  type  of  material  on  flame  arrestor  performance.  The  crimped  aluminum 
arrestora  were  more  effective  than  the  polyurethane  foam  because  of  greater 
mass  and  greater  flow  restriction  between  cells. 

Flame  arrestor  performance  of  a  10  ppi  reticulated  aluminum  foam  was 
compared  to  that  of  the  10  and  20  ppi  reticulated  polyurethane  foams.  Two 
shipments  of  the  aluminum  foam  were  used;  these  differed  In  physical  appear¬ 
ance  and  are  designated  as  reticulated  aluminum  foam  Sample  A  and  B. 

Table  XI  and  figure  7  show  pressure  rise  data  that  were  obtained  in  runs 
at  0  psig  with  2-inch  long  cylindrical  segments  of  these  materials  at  arres¬ 
tor  length/ignition  void  length  ratios  ( )  between  0.33  and  0.13.  Accord¬ 
ing  to  these  data,  the  variation  of  maximum  pressure  rise  with  ignition  void 
length  is  essentially  the  same  for  the  10  ppi  samples  of  the  aluminum  foam 
(Smple  A)  and  polyurethane  foam.  The  maximum  pressure  rises  obtained  with 
these  materials  were  less  than  6  psl  when  the  ignition  void  length  was  equal 
to  or  less  than  12  inches;  above  12  inches,  the  maximum  pressure  rises  were 
between  45  and  65  psl.  By  comparison,  the  20  ppl  polyurethane  foam  was 
more  effective  in  quenching  flame  propagation  than  either  of  the  above  10  ppl 
materials,  since  it  did  not  fail  until  the  ignition  void  length  was  increased 
beyond  15  inches. 

Other  experiments  with  the  10  ppl  aluminum  foam  (Sample  B)  produced 
less  favorable  results  than  those  with  the  10  ppi  polyurethane  foam.  The 
effect  of  pressure  on  the  effectiveness  of  the  two  foams  was  examined  in 
the  6-inch  diameter  vessel  using  an  8-inch  long  segment  at  a  fixed  ignition 
void  length  of  3  inches  (f2^i  ■  2.67).  The  results  are  compared  in  table 
111  and  figure  8.  Here,  it  is  seen  that  the  critical  pressure  for  arraator 


Honeycomb  Nom ex 
(l/8"xl/8"  cells) 
2.1  lb/ft3 


Honeycomb  Aluminum 
(l/8"xl/8”  cells) 
3.2  lb/ft3 


Crimped  Aluminum 
(l/8"xl/16"  cells) 
8.9  lb/ft3 


Crimped  Aluminum 
( l/8"xl/8"  cells) 
5.S  lb/ft3 


FIGURE  5.  -  Noroex  end  aluminum  £laaie  arresCors  prior  to  ignition. 
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T8BLS  I.  '  FI— >e  Aimtot  Data  for  Aluminum,  Nomsx  and  Polyurethane  Foam 
In  ■  6- Inch  Diameter  Steel  Vessel  With  2.5  Percent 
n-geut  s  n«  -  A!  r  Mixtures  at  Various  Pressures. 


Spark 

Xgeition 

Source 


~t  T~m  7  T—  i  >  ;  i  i  '| 

t/f  > ; /i27/V7  >  > 

!  ‘  *  aU.'.Lw  /  "• 


Pressure 

ransducer 


I* — 18" 


[1/8"  x  1/16"  calls) 


Downs treaa  end  -  1/2  inch 


6.0  0.08 
10.0  0.07 
—  66.0  0.25 

78.0  0.30 

Honeycomb  Aluminum 
7.7  0.07 
7.7  0.07 
.07  50.0  0.96 

.07  53.9  0.83 


Downstream  end  -  1/2  inch 


n  «■ 


0.06  No 

0.08  No 

0. 36  Yes 

0.61  Yes 

urethane  Foam  (10 
0.57  Yes 

0.34  Yes 


/B"  cells) 


Downstream  end  -  3/4  inch 

••  *r  si 

/8"  cells) 

Upstream  end  -  <  1/8  inch 

•  I  M  II 

Downstream  end  -  1  inch 


Downstream  end  -  2-1/2  inch 
"  "  -  1-1/2  inch 


1 /  Pressure  rise  before  the  main  explosion  event. 

21  Observation  made  by  flame  sensor  (thermocouple  or  photodiode). 
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Pi _ n*1 


Honeyvatii  Hooex 
( l/8"xl/8"  cells) 


Honeycoub  Aluminum 
(3  /8,,3il/&''  cells) 


Cl imped  Aluminum 
(l/8"xl/16"  cells) 


Crimped  Aluminum 
(1  /8'*xl/8"  cells) 


FIGUBE  8.  -  Downstream  end  view  of  Ncmex  and  aluminum  flame  arrestor 
materials  after  ignition  of  2.S  percent  n-pentane-air 
mixtures  at  initial  pressures  that  resulted  in  arrestor 
failure  (6-inch  diameter  vessel). 
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TABLE  II.  -  Flagg  Arrestor  Pats  for  Reticulated  Aluminum  (Siple  A) 
and  Polyurethane  Foam  Materials  In  a  6-lnch  Dlaaettr 
Stwl  vessel  With  2.3  Percent  a-Featsae-Atr  Slxturt* 
at  Atmospheric  Frttiiurt. 


Spark  Ignitl; 
Source 


C! ,  ’  r  }  ’~3 

rr^ator/  f\ 

*l  L 

1/ j  /  /  lJ-l 


,  Pressure 
Transducer 


2  inches 


Ignition  Void 
Length,  J; 
inches 


Maxima  Appearance!/ 

Pressure  Rise,  of  Flaae  in 
<2^1  psl  _ <3  Void 


Arrestor  Burning 


■—'10 

pore/iuch  Reticulated  Aluminum  Foam 

6 

0.33 

2.7 

Mo 

Rone 

6 

.33 

2.3 

99 

9 

.22 

3.6 

if 

99 

12 

.17 

4.8 

94 

n 

12 

.17 

5.4 

ft 

91 

14 

.14 

44.1 

Tea 

2/ 

15 

.13 

46.8 

•> 

2/ 

15 

.13 

56.7 

9* 

.2/ 

10  pore/inch  Reticulated  Polyurethane  Foam 

9 

.22 

3.6 

Ro 

Upstream 

end  -  <  1/8- inch 

12 

.17 

4.5 

9V 

«• 

••  H 

15 

.13 

61.2 

Tea 

Downstream  eud  -  2  inches 

20  pore/inch  Reticulated  Polyurethane  Foam 

2 

1.0 

0.2 

Ho 

Upstream  end  -  <  1/8-inch 

4 

0.5 

2.7 

91 

»• 

Cl  II 

8 

.25 

3.0 

■I 

9l 

91  M 

10 

.20 

3.2 

•t 

99 

M  «• 

12 

.17 

4.8 

•1 

VI 

II 

15 

.13 

7.2 

tl 

»• 

"  -  1/2  inch 

18 

.11 

62.0 

Tea 

Downstream  end  -  1  inch 

1/  Observations  made  visually  and  by  flaae  sensors  (thermocouple  or  photodiode). 
2/  Arrestor  material  did  not  burn  but  was  damaged  slightly  on  downstream  end. 
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MAXIMUM  PRESSURE  RISE.psi 


FIGURE  7. 


-  Effect  of  ignition  void  length  on  pressure  rise  in  fl»e  arrestor 
experiments  with  reticulated  aluminum  and  polyurethane  foams  and 
2.5  percent  n-pentaae-air  mixtures  at  atmospheric  pressure  (6>inch 
diameter  vessel). 


TABLE  m.- Flame  Arrestor  Data  for  Reticulated  Aluminum  (Sample  B) 
and  Polyurethane  Foam  Materials  In  a  6-inch  Diameter 
Vessel  With  2.5  Percent  n-Fentane-Air  Mixtures  at 
Various  Initial  Pressures. 


Spark  Ignition 

//  Arrestor/  * , 

'//  *  /*£' ! 1  n 

/ / / / /? it: t 

£3 

1 

[]  Pressure 

Source 

-  ii  j 

\  Transduce 

1 

!<—  3"  ->l 

I-* -  8"  - < -  49" - ►*! 

I2t l\  ■  2.67 


Initial 

Maximum 

Appearance^/ 

Pressure , 

Pressure  Rise, 

of  Flame  in 

psig 

psi 

£3  Void 

Arrestor  Burning 

^10  pore/inch  Reticulated  Aluminum  Foam 


0 

0.9 

No 

None 

1 

1.8 

No 

None 

2 

51.3 

Fes 

2/ 

2.5 

48.6 

Yes 

2/ 

10  pore /inch 

Reticulated  Polyurethane  Foam 

0 

0.9 

No 

Upstream  end  -  1/4  inch 

2 

1.8 

No 

"  -  3/4  inch 

4 

1.8 

No 

"  "  -  1/2  inch 

5 

75.6 

Yes 

Downstream  end  -  2-1/2 

1/  Observations  made  visually  and  by  flame  sensors  (thermocouple  or 
photodiode) . 

I!  Arrestor  material  did  not  burn  but  was  damaged  slightly  on  downstream 
end . 
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MAXIMUM  PRESSURE  Rl$£,psi 


iNii  ihu  miAiunc.  rrctijSUKb 


FIGURE  8.  -  Effect  of  initial  mixture  pressure  on  pressure  rises  in  flame 

arrestor  experiments  with  reticulated  aluminum  and  polyurethane 
foams  and  2.5  percent  n-pentane-air  mixtures  (6~inch  diameter 
vessel).  i  c 


failure  was  2  pslg  for  the  aluminum  foam  and  5  psig  for  the  polyurethane 
foam.  At  0  pslg,  both  Sample  A  and  B  of  the  aluminum  foam  appeared  to  be 
as  effective  as  the  10  ppi  polyurethane  foam;  the  performance  of  Sample  A 
at  elevated  pressures  was  not  determined  due  to  the  limited  quantity  that 
was  available  for  evaluation. 

2.  Large-Scale  Experiments  in  a  74-Gallon  Fuel  Tank  With  Cored  Arrestor 
Models  of  the  20  ppi  Polyurethane  Foam. 

In  the  large-scale  flame  arrestor  experiments,  cored  models  of  the  20 
ppi  polyurethane  foam  were  evaluated  to  obtain  a  suitable  design  configura¬ 
tion  for  internal  fuel  tank  applications  In  which  the  tank  pressure  is 
generally  not  more  than  5  psi  above  the  outside  ambient  pressure.  The 
arrestor  models  selected  were  based  on  earlier  small-scale  experiments^'  in 
a  12-inch  diameter  by  35-inch  long  steel  vessel.  Table  IV  summarises  the 
pressure  rise  data  from  some  of  these  earlier  experiments  in  which  the  gross 
void  of  the  models  was  between  32  and  42  percent  of  the  total  vessel  volume; 
the  arrestor  models  were  cored  sections  of  various  lengths  with  seven  3-inch 
diameter  cores.  According  to  these  data,  the  flame  arrestor  effectiveness 
of  the  cored  models  varied  with  the  length  of  the  cored  section,  the  thick¬ 
ness  of  the  plain  segment  between  the  cored  sections,  and  the  initial  com¬ 
bustible  mixture  pressure;  the  core  diameter  is  also  important.  At  the 
maximum  pressure  used  (5  pslg) ,  flame  propagation  between  voids  could  be 
suppressed  If  the  length  of  the  cored  section  was  not  over  10  Inches  and 
the  thickness  of  the  plain  segment  separating  the  cored  sections  was  at 
least  2  Inches. 

The  arrestor  modal  used  in  the  large-scale  experiments  consisted  of 
three  separate  cored  sections,  each  having  thirty-seven,  3-inch  diameter  by 
8-inch  long  holes  that  were  evenly  Bpaced  1-inch  apart  (figure  9);  the  cored 
sections  were  aligned  and  separated  by  2-inch  long,  plain  arrestor  segments. 
Table  V  presents  the  pressure  rise  data  obtained  in  three  experiments  con¬ 
ducted  in  the  74-gallon  fuel  tank  with  this  cored  model  (36.6  percent  gross 
void).  With  a  spark  ignition  source,  it  was  effective  in  quenching  flame 
propagation  st  an  initial  pressure  of  0  psig  and  the  maximum  pressure  rise 
was  less  than  4  pel.  Temperature  rise  measurements  and  visual  observations 
revealed  that  flame  propagation  was  mainly  in  the  axial  direction  and  was 
confined  to  three  or  four  gross  voids  in  the  first  two  cored  sections  of 
the  model.  However,  at  3  psig,  the  pressure  rise  was  14.4  psi  and  flame 
propagated  through  at  least  60  percent  cf  the  arrestor  model. 

Other  large-scale  experiments  with  cored  arrestor  models  were  made 
using  30-caliber  incendiary  ammunition  to  ignite  the  combustible  gas  mixture. 
The  models  used  in  these  experiments  also  contained  three  cored  sections, 
each  of  which  had  thirty- seven  evenly  spaced  holes  that  measured  2  or  3 
inches  in  diameter  by  8  inches  long;  here,  the  cored  sections  were  separated 


~TT  Unreported  data  from  previous  work  in  1968. 
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(1  17  12  39.4  0.9  .24  7.4 

voids  35  x  3  1  35  None  --  41.9  9.0  0.46  None 


TABLE  V 


•  "  Data  From  Large-Scale  Flame  Arrestor  Experiments  With 
a  Cored  Arrestor  Model  of  the  20  ppi  Polyurethane  Foam 
and  3  percent  n-Eut  sine -Air  Mixtures  at  0  grd  3  ps[g; 

Fuel  tank:  27-inch  diam.  by  30-lnch  long  (74  gals) 

Ignition  source:  Electrical  spark 

Arrestor  model:  37  holes  (3-inch  diameter  x  8-inch  long)  per 
8-inch  cored  section;  2-inch  thlck.plain 
arrestoc  sections. 


Run 

No. 

Initial 
Pressure , 
psig 

Initial 
Temperature , 
°F 

-^init. 

psi 

t 

sec 

APmax 

psi 

t  of 

sec 

Initial  Rate  1 

Pressure  Rise 

psi /sec  f 

1 

0 

50 

1.0 

0.5 

2.3 

70.0 

r 

10 

2 

0 

59 

0.8 

3.3 

3.8 

13.2 

i 

6  | 

3 

3 

70 

3.8 

0.1 

14.4 

0.2 

“  1 

by  either  2  or  3-inch  long  plait,  arreator  tegmenta.  With  the  3-inch  seg¬ 
ments,  the  total  groat  void  of  the  model  with  2-inch  diameter  cores  wa: 
16.3  percent,  aa  compared  to  36.6  percent  for  that  with  3-inch  diameter 
cores. 


A  summary  of  the  pressure  rite  data  obtained  in  the  gun-firing  igni¬ 
tions  with  each  of  the  cored  arrestor  model;,  is  given  in  table  VI.  The 
maximum  pressure  rises  were  noticeably  higher  for  runs  made  with  the  model 
that  contained  the  larger  diameter  cores  (3  Inches).  At  the  same  time,  the 
results  appeared  to  depend  partly  upon  the  action  of  the  incendiary.  In 
tests  (No.  2  and  4)  where  th  incendiary  waa  fired  into  a  1/8-inch  thick 
steel  striker  plate  on  the  tank,  the  maximum  pressure  rises  (12.2  and  12.9 
psi)  at  0  psig  and  3  psig  were  noticeably  higher  than  those  from  comparable 
tests  (No.  1  and  3)  without  the  plate.  Under  the  latter  firing  condition, 
the  maximum  pressure  rises  were  not  over  1.5  psi,  apparently  because  of  poor 
incendiary  action.  Figure  10  shows  the  extent  of  arrestor  burning  that 
occurred  in  the  teats  (No.  2  and  4)  where  2-inch  long  arrestor  segments  were 
used  to  separate  the  cored  sections.  Other  experiments  (No.  5  and  6)  made 
with  this  model  revealed  that  ita  effectiveness  waa  not  improved  by  increas¬ 
ing  the  thickness  of  the  plain  arrestor  segnent  from  2  to  3  Inches. 


In  comparison,  the  cored  arrestor  model  with  2-inch  diameter  by  8-lnch 
long  cores  was  more  effective  than  the  one  with  3-inch  diameter  cores  since 
the  maximum  pressure  rises  were  0.8  psi  or  less  at  the  various  pressures 
(0,  3  and  5  psig)  investigated.  Temperature  rise  measurements  and  visual 
observation  after  firing  revealed  that  arrestor  burning  was  confined  largely 
to  the  middle  arrestor  section  when  the  incendiary  was  fired  into  the  center 
of  the  tank,  or  extended  into  each  of  the  three  cored  sections  when  the 
incendiary  was  fired  at  an  angle  to  penetrate  all  of  these  sections  (Test 
No.  8).  Figure  11  shows  the  extent  of  arrestor  burning  that  occurred  at  0, 

3  and  5  psig  mixture  pressures  with  Incendiary  firings  into  the  middle  of 
the  fuel  tank.  Based  on  fhepe  *, -suits,  this  model  appears  to  be  effective 
for  suppressing  vapor  phase  e.v,.  oslons  within  fuel  tankB  at  initial  mixture 
pressures  up  to  5  psig,  although  some  arrestor  burning  can  be  expected. 


3.  Large-Scale  Experiments  In  a  74-Gallon  Fuel  Tank  Fully-Packed  With 
the  20  ppi  Polyurethane  Foam. 

In  previous  work,— ^  arrestor  models  of  the  20  ppi  polyurethane  foam 
were  effective  in  suppressing  fuel  vapor-air  explosions  in  a  450-gallon 
aircraft  fuel  tank  partially  packed  with  foam.  The  present  experiments 
were  conducted  with  dry  and  wet  foam  in  the  modified  74-gallon  fuel  tank 
under  the  fully-packed  condition.  Since  an  aircraft  fuel  tank  may  be  purged 
with  nil  «s  a  normal  operation  or  as  a  result  cf  gunfire,  air  wee  added  after 
the  combustible  mixture  was  ignited;  the  tank  ullage  was  also  varied.  The 
combustible  mixture  was  a  near-stoichiometric  composition  (3.0  percent)  of 
n-butane  and  air  and  was  ignited  with  30-caliber  incendiary  ammunition. 
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ll  Runs  made  without  178-inch  thick  striker  plate. 

2/  Incendiary  fired  through  all  three  cored  sections  of  model. 


Arrestor  burning  that  resulted  in  experiments  (Test  No.  2  and  4. 
with  a  cored  arrestor  model  (36.6  percent  gross  void)  of  the  20 
after  ignition  of  3.0  percent  n-butane-air  mixtures  at 


FIGURE  10 


ppi  foam 

0  and  3  psig  with  30-caliber  incendiary  anmunitiou 
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FIGURE  II. 


-  Arrestor  burning  that  resulted  in  experiments  (Test  No.  7,  9  and 
10)  with  a  cored  arrestor  model  (16.3  percent  gross  void)  of  the 
20  ppi  foam  after  ignition  of  3.0  percent  n-butane-air  mixtures 
at  0,  3  and  5  psig  with  30-caliber  incendiary  aaanuni tion- 


Tabic  VII  ptfHQti  the  data  froa  the  large-scale  arrestor  experiments 
with  10  and  20  ppi  polyurethane  foam  (wet  and  dry)  fully-packed  In  a  tank 
with  3  percent  a*h>tia«-*ir  mixtures  at  various  initial  pressures.  In  test 
Bo.  I,  at  0  psl|,  air  was  admitted  into  the  tank  through  a  3/6-iueh  diameter 
port  at  a  flow  rete  of  24. 5  cubic  feat  per  minute  (at  5  peig  and  80*  F)  with¬ 
in  2  seconds  after  incendiary  impact;  the  air  was  discharged  through  holes 
made  by  the  incendiary  ammunition.  The  marl mum  pressure  rise  was  only  1.1 
P*i ,  0.03  sacond  after  Ignition*  and  the  foam  waa  effective  in  suppressing 
the  initial  vapor  phase  explosion  within  the  fuel  tank.  About  24  seconds 
after  ignition  end  the  addition  of  air ,  the  teak  pressure  increased  to  2.7 
psig;  approximately  28  percent  (weight)  of  the  material  was  consumed,  largely 
•a  a  result  of  the  additional  air  supply.  The  20  ppi  foam  was  also  effective 
in  preventing  flame  propagation  throughout  the  tank  without  air  flow.  In 
runs  at  3  and  6  psig  pressure*  the  initial  pressure  rises  due  to  the  explo¬ 
sion  event  were  less  than  0.4  pel.  At  3  psig,  little  arrestor  burning 
occurred  after  ignition.  However,  et  6  peig,  noticeable  burning  was  ob¬ 
served  on  one  side  of  the  arrestor  model,  presumably  because  of  the  higher 
venting  rete  that  can  occur  et  this  pressure  following  ignition.  In  com¬ 
parison,  arrestor  burning  in  runs  with  the  10  ppi  dry  foam  at  0  psig  was 
not  appreciable,  but  the  pressure  rises  (5.9  end  9.1  psi)  were  noticeably 
higher  than  those  with  the  20  ppi  foam. 

Arrestor  burning  does  not  appear  to  be  e  problem  when  wet  foam  is  used. 
The  flame  quenching  effectiveness  of  wet  samples  of  the  20  ppi  foam  was 
determined  at  0  psig  with  air  flowing  through  the  tank  after  ignition  with 
the  incendiary  ammunition;  the  flow  rate  was  the  same  as  that  used  in  test 
Ho.  1.  In  tests  Ho.  4  and  5  the  tom  waa  soaked  in  kerosene  and  the  tank 
was  completely  filled  with  the  combustible  gas  mixture.  In  testa  Ho.  6  and 
7,  35  gallons  of  kerosene  was  added  to  the  tank  to  provide  a  tank  ullage  of 
about  47  percent;  here,  the  incendiary  was  fired  into  the  ullage  space  in 
one  run  (Test  Mo.  6)  and  through  the  gas  mixture  and  liquid  fuel  in  the 
other  rru  (Teat  Ho.  7).  Under  each  test  condition,  the  maximum  pressure 
rise  was  less  than  0.4  psi  and  flame  propagation  was  quenched  within  the 
fuel  tank;  also,  no  arrestor  burning  urns  noted.  However,  motion  picture 
records  revealed  that  a  fireball  of  about  1.5-foot  diameter  developed  out¬ 
side  the  tank  after  ignition  shm  the  tank  was  partially  filled  with  liquid 
fuel.  Figure  12  shows  the  external  fire  that  resulted  upon  ignition  in 
test  Mo.  7.  According  to  the  movie  records,  the  tire  persisted  for  at  least 
200  milliseconds  after  the  main  ignition  event.  The  external  fire  hazard 
under  such  conditions  would  be  expected  to  decrease  with  decreased  foam 
pore  size,  since  fuel  leakage  ot  spillage  would  be  retarded  more  by  the 
smaller  size  foams. 
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TABLE  VII  .  -  Data  Front  Large-Scale  Flame  Arrestor  Experiments  With  10  and  20  ppi  Polyurethane 
Foam  (Wet  and  Dry)  Fully-Packed  in  a  Tank  With  3  Percent  n-Butane-Alr  Mixtures  at: 
Various  Initial  Pressures. 

Fuel  tank:  27-inch  diameter  x  30-inch  Ion*  (74  gals) 

Ignition  source:  30-ealiber  incendiary  ammunition 
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1/  Within  2  seconds  after  Ignition  air  was  introduced  at  a  flow  rate  of  25.4  CFM  (at  5  psig 
and  80*  F)  through  a  3/8-inch  diameter  inlet  port  of  the  tank. 

2/  Incendiary  fired  into  tank  ullage;  35  gallons  of  kerosene  added  to  tank. 

3/  Incendiary  fired  through  gas  and  liquid  fuel  in  tank;  35  gallons  of  kerosene  added  to  tank. 


2.8  milliseconds  per  frame 


-  External  fire  in  experiment  (Test  No.  7)  with  fully-packed  arrestor 
nodel  (0  percent  gross  void)  of  20  ppi  foam  after  ignition  of  3.0 
percent  n-butane-air  mixture  in  ullage  of  74-gallon  tank  with  30- 
caliber  incendiary  anxnunition;  35  gallons  of  kerosene  added  to 
fuel  tank. 


FIGURE  12. 


CONCLUSIONS 


The  flame  quenching  effectiveness  of  the  reticulated  polyurethane  foam 
appears  to  vary  little  when  the  bulk  density  of  the  foam  is  reduced  from 
1.66  lb/ftJ  to  1.35  ib/ft-*.  Results  from  small-scale  experiments  revealed 
that  the  10  ppi  foam  (density  1.86  lb/ft^)  is  less  effective  in  preventing 
flame  propagation  than  15  and  25  ppi  foams  of  lower  bulk  density  (1.35  lb/ft^) 
mainly  because  of  its  larger  pore  size.  Other  light-weight  arrestors  such 
as  crimped  and  honeycomb  aluminum  materials  and  a  honeycomb  Nomex  fabric  were 
more  effective  than  the  10  ppi  polyurethane  foam.  In  addition,  results  ob¬ 
tained  with  a  10  ppi  reticulated  aluminum  foam  were  comparable  to  those  of 
the  10  ppi  polyurethane  foam  at  0  psig,  but  not  at  elevated  pressures. 

The  large-scale  gun-firing  experiments  indicated  that  a  cored  arrestor 
model  (16.3  percent  gross  void)  of  the  20  ppi  dry  foam  having  2-inch  diameter 
cells  can  be  a  suitable  design  configuration  for  internal  fuel  tank  appli¬ 
cations.  In  experiments  conducted  in  the  74-gallon  fuel  tank,  this  moael 
was  effective  In  suppressing  vapor  phase  explosions  within  the  fuel  tank  at 
initial  pressure*  up  to  5  psig  (maximum  pressure  used).  Under  a  fully-packed 
tank  condition,  the  20  ppi  dry  foam  can  be  expected  to  prevent  flame  propa¬ 
gation  at  pressures  up  to  at  least  6  psig,  although  some  arrestor  burning 
can  occur.  Although  arrestor  burning  is  enhanced  by  adding  air  after  a 
fuel,  tank  ignition  with  incendiaries ,  the  amount  of  burning  is  greatly  re¬ 
duced  when  the  foam  is  in  a  fuel-wet  condition.  In  general,  the  fire  and 
explosion  hazard  in  a  fuel  tank  equipped  with  the  foam  will  be  less  with 
reduced  tank  ullage  but  the  external  fire  hazard  can  still  exist. 

RECOMMENDATIONS 


1,  Complete  the  theoretical  study  of  flame  quenching  mechanisms  to  obtain 
computer  solutions  for  predicting  the  performance  of  light-weight  arres¬ 
tor  materials.  Prepare  a  general  computer  program  for  defining  ignition 
and  flammability  requirements  and  generating  explosion  pressure-tempera- 
ture  data  for  the  constant  volume  or  constant  pressure  combustion  of 
flight  Vehicle  COiuuuStiulcii , 

craft  designers  and  to  flight  safety  personnel. 


2.  Conduct  a  baoic  ignition  study  on  flame  inhibitors,  including. ha logen- 
at.ed  hydrocarbons,  that  may  be  useful  as  explosion  suppressants  in  air¬ 
craft  fuel  tanka  or  as  fire  suppressants  in  areas  outside  the  fuel  tanks. 
Inhibitors  which  could  provide  protection  against  ignition  by  incendiary 
firing  are  particularly  interesting. 


3. 


Screen  new  materials  including  foams  coated  with  flame  inhibitors  to 
evaluate  their  flame  quenching  effectiveness. 


27 


Classification 


DOCUMENT  CONTROL  DATA  -  R  &  D 


of  till*,  body  of  mb* tract  mnd  Indtxtnf  •nnotatlon  mu«f  t»m  inww  wnan  ina  ovaraTi  report  f»  ^immslSlwd^ 


»■  ORIGINA  TING  ACTIVITY  (Cotpotata  author) 

Safety  Research  Center 

2 M.  REPORT  SECURITY  CLASSIFICATION 

Unclassified 

Bureau  of  Mines 

mtnUUL^n  J  1  cmioy  IVWIIAU 

7b,  GROUP 

*  REPORT  TITLE 

Flama  Arrestor  Materials  For  Fuel  Tank  Explosion  Protection 

4  DESCRIPTIVE  NOTH  (Typa  of  rapott  And  induijy*  dmtmM) 

Technical  Report  January  1  to  31  December  1969. 

ft  AUTNORlII  (Flral  nmm*.  mlddim  tnllimt,  fail  name) 

Joseph  M.  Kuchta 

Ralph  J.  Cato 

Whittner  H.  Gilbert 

«  REPORT  DATE 

July  1970 

7».  TOTAL  NO.  OF  PAGES 

33 

lb.  NO.  OF  REFS  | 

3  _ 

•a.  CONTRACT  OR  GRANT  NO 

F 336 15 -69 -M-5002 

b.  PR0J6C  T  140  - 

3048 

B«.  ORIGINATOR'S  REPORT  NUM3LRHI 

SRC  Report  No.  S4138 

c. 

d 

_ 

f*h,  OTHER  REPORT  NOISE  (Any  other  numt/tri  thmt  tnmy  be  •*  sifnad 
thla  Mpor/J 

AFAPL-TR-70-40 

it  DniRngrmit.rEiitNT  This  document  is  subject  to  special  export  controls  and  each 

transmittal  to  foreign  governments  or  foreign  nationals  may  be  made  only  with  prior 
approval  of  Air  Force  Aero  Propulsion  Laboratory  (APFH) ,  Wright-Patterson  Air  Force 
Base.  Ohio  45433 

tl  SUPPLEMENTARY  NOTE* 

12-  SPONSORING  MILITARY  ACTIVITY 

Air  Force  Aero  Propulsion  Laboratory 
Wright-Patterson  AFBase,  Ohio  45433 

13  AOS  TRACT 


An  investigation  was  conducted  to  extend  the  data  on  the  flame  arrestor  effec¬ 
tiveness  of  retl> ulated  polyurethane  foams  proposed  for  explosion  protection  of  air¬ 
craft  fuel  tanks.  Foams  of  10,  15.  20,  and  25-pore/inch  were  evaluated  in  small-  or 
or  lunge-stale  experiments  using  various  arrestor  packing  configurations.  Results 
from  small-scale  experiments  Indicated  that  the  ability  of  the  fpams  to  suppress 
n-pentane-air  explosions  does  not  vary  noticeably  when  the  foam  bulk  density  Is  re¬ 
duced  from  1.86  lb/ft^  to  1.35  lb/ft3.  Other  light-weight  arrestors  that  were  evalu¬ 
ated  Included  crimped  or  honeycomb  aluminum  and  Nome*  materials  which  proved  to  be 
more  effective  than  10  ppi  polyurethane  foam;  samples  of  reticulated  aluminum  foam 
were  also  Investigated.  Large-scale  gun- firing  experiments  made  In  a  74-gallon  fuel 
tank  showed  that  a  cored  arrestor  model  of  the  dry  20-pore/lnch  polyurethane  fo.m, 
having  2-inch  diameter  cores,  can  be  a  suitable  design  configuration  for  integral  fuel 
tank  applications  at  pressures  up  to  5  psig;  however,  some  arrestor  burning  can  be 
expected.  Data  are  also  giver,  from  other  large  scale  experiments  in  which  the  fuel 
tank  ullage  and  addition  of  air  after  ignition  we re  investigated.  In  addition,  a 
summary  is  given  on  a  theoretical  study  that  is  currently  being  pursued  to  explain 
the  flame  quenching  mechanisms  ol  foam  arrestora.  1 
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